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Plasmid-Based Vaccine For Treating Atherosclerosis

Cross-Reference to Related Application

This application is a continuation-in-part application of United States Patent

Application Serial No. 08/802,967, filed 21 February 1997, which is a continuation-in-part

5 application of United States Patent Application Serial No. 08/640,7 13, filed May 1 , 1 996.

Field of the Invention

The present invention relates to the field of immunobiology and specifically to a

plasmid DNA vaccine for controlling the activity or effect of cholesteryl ester transfer

protein, or CETP. in the body.

1 0 Background of the Invention

Cholesterol circulates through the body predominantly as components of lipoprotein

particles (lipoproteins), which are composed of a protein portion consisting of one or more

apolipoproteins (Apo) and various lipids, including phospholipids, triacylglycerols

(triglycerides), cholesterol and cholesteryl esters. There are ten major classes of

1 5 apolipoproteins; Apo AT, Apo ATI, ApoTV, Apo B-48, Apo B-l 00, Apo C-I, Apo C-Il, Apo

C-I II, Apo D, and Apo E.

Lipoproteins are classified by density and composition. High density lipoproteins

(HDL), one function of which is to mediate transport of cholesterol from peripheral tissues to

the liver, have a density usually in the range of approximately 1 .063 - 3 .2 1 g/ml. HDL

20 contain various amounts ofApo AT, Apo AT], Apo CT, Apo Oil, Apo CTI1, Apo D, Apo E,

as well as various amounts of lipids, such as cholesterol, cholesteryl esters, phospholipids,

and triglycerides.

In contrast to HDL, low density lipoproteins (LDL), which generally have a density of

approximately 1.019 - 1.063 g/ml, contain Apo B-100 in association with various lipids. In

25 particular, the amounts of the lipids, cholesterol, and cholesteryl esters are considerably

higher in LDL than in HDL, when measured as a percentage of dry mass. LDL are

particularly important in delivering cholesterol to peripheral tissues.

Very low density lipoproteins (VLDL) have a density of approximately 0.95 - 1 .006

g/ml and also differ in composition from other classes of lipoproteins, both in their protein

30 and lipid content. VLDL generally have a much higher amount of triglycerides than do HDL
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or LDL and are particularly important in delivering endogenously synthesized triglycerides

from liver to adipose and other tissues.

Even less dense than LDL, chylomicrons (density usually less than 0,95 g/ml) contain

Apo A-I, Apo A-Il, Apo B, Apo C-I, Apo C-II, and Apo C-III and mediate transport of dietary

triglycerides and cholesteryl esters from the intestine to adipose tissue and the liver.

The features and functions of the various lipoproteins have been extensively studied.

(See, for example, Mathews, C.K. and van Holde, K.E., Biochemistry
, pp. 574 - 576, 626 -

630 (The Benjamin/Cummings Publishing Co., Redwood City, California, 1990); Havel R.J.,

et ah, "Introduction: Structure and metabolism of plasma lipoproteins" in The Metabolic

Rasis of Inherited Disease. 6th ed. . pp. 1129- 1 138 (Scriver, C,R., et ah, eds.) (McGraw-Hill,

Inc., New York, 1989); Zannis, V,L> et aL, "Genetic mutations affecting human lipoproteins,

their receptors, and their enzymes", in Advances in Human Genetics. Vol. 2K pp. 1 45 - 3 1

9

(Plenum Press, New York, 1993)).

Decreased susceptibility to cardiovascular disease, such as atherosclerosis, has been

generally correlated with increased absolute levels of circulating HDL and also with increased

levels ofHDL relative to circulating levels of lower density lipoproteins such as VLDL and

LDL (see, for example, Gordon, D J., et al., N. Engl, J. Med , 321: 1311 - 1316 (1989);

Castelli, W.P., et aL, J. Am. Med Assoc, 256: 2835 - 2838 (1986); Miller, N.E., et al y
Am

Heart J., 113: 589 - 597 (1987); Tall, A.R., J- Clin. Invest., 89: 379 - 384 (1990); Tall, A.R.,

J. Interna! Med, 237: 5 - 12 (1995)).

Cholesteryl ester transfer protein (CETP) mediates the transfer of cholesteryl esters

from HDL to triglyceride-rich lipoproteins such as VLDL and LDL, and also the reciprocal

exchange of triglycerides from VLDL to HDL (Tall, A.R., J. Internal Med, 237: 5 - 12

(1995); Tall, A.R., J. Lipid Res., 34: 1255 - 1274 (1993); Hester, C.B., et al., J. Biol Chent,

262: 2275 - 2282 (1987); Quig, D.W. et al, Am. Rev. Nutr. f 10: 169 - 193 (1990)). CETP

may play a role in modulating the levels of cholesteryl esters and triglycerides associated with

various classes of lipoproteins. A high CETP cholesteryl ester transfer activity has been

correlated with increased levels of LDL-associated cholesterol and VLDL-associated

cholesterol, which in turn are correlated with increased risk of cardiovascular disease (see, for

example, Tato,F.,etal.,^rrm'0Sc/er. Thromh. Vascular Biol ,
15: 112 - 120 (1995)).

Hereinafter, LDL-C will be used to refer to total cholesterol, including cholesteryl

esters and/or unesterified cholesterol, associated with low density lipoprotein. VLDL-C will

be used to refer to total cholesterol, including cholesteryl esters and/or unesterified
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cholesterol, associated with very low density lipoprotein. HDL-C will be used to refer to total

cholesterol, including cholesteryl esters and/or unesterified cholesterol, associated with high

density lipoprotein.

All lipoproteins contain apolipoproteins that serve to maintain the structural integrity

5 of lipoproteins and mediate the transport and metabolism of lipids by acting as ligands for

specific receptors or co-factors of certain enzymes. In addition to CETP, other proteins,

including hepatic lipase, lipoprotein lipase, lecithinxholesterol acyltransferase (LCAT), LDL

receptor, HDL-receptor (SR-B1) and chylomicron remnant receptor, are important in lipid

transport and metabolism. Disruption in the function of these components may lead to

1 0 dyslipidemia, the abnormal metabolism ofplasma lipids, which in turn may contribute to the

development of atherosclerosis.

The proteins, apolipoproteins, and lipoproteins described above participate in three

pathways of lipid transport and metabolism: (1) the chylomicron pathway, (2) the VLDL-

LDL pathway, and, (3) the reverse cholesterol pathway. Chylomicrons and chylomicron

15 remnants transport dietary lipids from intestine to peripheral tissues, such as adipose tissue,

and the liver. The VLDL-LDL pathway transports lipids from the intestine to peripheral

tissues. In the reverse cholesterol pathway excess cholesterol, which cannot be degraded by

most tissue, is esterified and delivered either directly in HDL or indirectly after exchange into

other lipoprotein fractions to the liver for excretion from peripheral tissues. Specifically,

20 nascent HDL, which is produced by the liver and intestine, enlarges and is transformed into

HDL3 and then to HDL2 as cholesterol is acquired and esterified to cholesteryl ester.

Cholesteryl esters (CE) can remain with HDL2 for transport and uptake by the liver or can be

transferred to lower density lipoproteins, such as VLDL and LDL, by CETP in exchange for

triglycerides. In the liver, HDL2 is depleted of triglycerides by hepatic lipase which converts

25 HDL2 back to HDL3 for re-use. During this process CE may also be transferred to

hepatocytes. In addition, some HDL may be directly taken up by hepatocytes (see, for

example, Havel, R.L, et al., The Metabolic Basis of Inherited Disease . 6th ed., pages 1 129 -

1138 (Scriver, C.R., et al., eds.) (McGraw-Hill, Inc., New York, 1 989); Fielding, C.J., et al.,

J. Lipid Res., 36: 21 1 - 228 (1995)).

30 Thus, the transfer ofCE follows one of two pathways. First, lipoproteins may deliver

cholesteryl esters to the liver for excretion, thus participating in the reverse cholesterol

transport pathway. Second, cholesteryl esters may be recycled back to peripheral tissues.

When all components of these pathways are operating properly, dietary lipids are
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rapidly absorbed, transported, and stored or utilized. In the fasting state, lipids are efficiently

transported to tissue, and cholesterol is recycled or excreted. Naturally occurring

dyslipidemias, perhaps as a result of mutations of apoiipoproteins, are often due to

dysfunction of one or several of the components in the pathways described above (see, for

example, Farmer, J.A. et aL Heart Disease, A Textbook of Cardiovascular Medicine. 4th g ri,

.

pp. 1 125 - 1 160 (Braunwald, E., ed.) (W.B. Saunders Co., Philadelphia, 1992); Havel, R.J., et

al, 1992; Zannis, V.L, et al, 1993). Chronic dietary excess of cholesterol may overwhelm

normal mechanisms of cholesterol clearance from peripheral tissues, and atherosclerosis may

result as evidenced by the development of lesions and blockage of blood flow in

cardiovascular tissue.

A number of in vivo studies utilizing animal models or humans have indicated that

CETP activity can affect the level of circulating cholesterol-containing HDL. Increased

CETP-mediated cholesteryl ester transfer activity can produce a decrease in HDL-C levels

relative to LDL-C and/or VLDL-C levels, which in turn is correlated with an increased

susceptibility to atherosclerosis. For instance, injection of partially purified human CETP

into rats (which normally lack CETP activity), was shown to result in a shift of cholesteryl

ester from HDL to VLDL, consistent with CETP-promoted transfer of CE from HDL to

VLDL (see, Ha, Y.C., et al., Biochem. Biophys, Acta, 833: 203 - 21 1 (1985); Ha, Y.C, et al,

Comp Biochem. Physiol, 83B: 463 - 466 (1986); Gavish, D., et aL, J. Lipid Res., 28: 257-

267 (1 987)). In addition, transgenic mice expressing human CETP were reported to exhibit a

significant decrease in the level of cholesterol associated with HDL (see, for example, Hayek,

T., et al, J. Clin. Invest, 90: 505 - 510 (1992); Breslow, J.L., et aL, Proc. Natl Acad. Set

USA, 90: 8314-8318 (1993)). Furthermore, whereas wild-type mice are normally highly

resistant to atherosclerosis (Breslow, J.L., et aL, Proc. Natl Acad Sci USA y 90: 83 14 - 83 1

8

(1993)), transgenic mice expressing a simian CETP were reported to have an altered

distribution of cholesterol associated with lipoproteins, namely, elevated levels of LDL-C

and VLDL-C and decreased levels ofHDL-C (Marotti, K.R., et aL, Nature, 364: 73 - 75

(1993)). Such transgenic mice expressing simian CETP also were more susceptible to

dietary-induced severe atherosclerosis compared to non-expressing control mice and

developed lesions in their aortas which were significantly larger in area than found in control

animals and more typical of those found in atherosclerosis (Marotti et al., 1993). Intravenous

infusion of anti-human CETP monoclonal antibodies (Mab) into hamsters and rabbits

inhibited CETP activity in vivo and resulted in significantly increased levels ofHDL-C levels,
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decreased levels of HDL-triglycerides, and increased HDL size, again implicating a critical

role for CETP in the distribution of cholesterol in circulating lipoproteins (see, Gaynor, B.J.,

et al„ Atherosclerosis, 1J0: 101 - 109 (1994) (hamsters); Whitlock, M.E., et al., ./ Clin.

Invest., 84: 129- 137 (1989) (rabbits)).

The role ofCETP activity has also been studied in humans. For example, in certain

familial studies in Japan, individuals that were homozygous for non-functional alleles of the

CETP gene had no detectable CETP activity. Virtually no atherosclerotic plaques were

exhibited by these individuals, who also showed a trend toward longevity in their families

(see, for example, Brown, M.L., et al., Nature, 342: 448 - 45 1 (1 989); Inazu, A., et al., New

Engl. J. Med, 323: 1234 - 1238 (1990); Bisgaier, C.L., et al., J. Lipid Res. , 32: 21 - 23

(1991)). Such homozygous CETP-deficient individuals also were shown to have an anti-

atherogenic lipoprotein profile as evidenced by elevated levels of circulating HDL rich in

cholesteryl ester, as well as overall elevated levels ofHDL, and exceptionally large HDL, i.e.,

up to four to six times the size of normal HDL (Brown, M.L., et al., 1989, supra at p. 451).

1

5

The ab°ve studies indicate that CETP plays a major role in transferring cholesteryl

ester from HDL to VLDL and LDL, thereby altering the relative profile of circulating

lipoproteins to one that is associated with an increased risk of cardiovascular disease (i.e.,

decreased levels ofHDL-C and increased levels ofVLDL-C and LDL-C). Marotti et al.

(Nature, 364: 73 - 75 (1993)) interpreted their data as indicating that a CETP-induced

20 alteration in cholesterol distribution was the principal reason that arterial lesions developed

more rapidly in transgenic, CETP-expressing mice than in non-transgenic control mice when

both groups were fed an atherogenic diet.

CETP isolated from human plasma is a hydrophobic glycoprotein having 476 amino

acids and a relative molecular weight of approximately 66,000 to 74,000 daltons on sodium

dodecyl sulfate (SDS)-polyacrylamide gels (Albers, J. J., et al., Arteriosclerosis, 4:49-52,

(1984); Hesler, C.B., etal., J. Biol. Chem., 262: 2275 - 2282 (1987); Jarnagin, S.S., et al.,

Proc. Natl. Acad. Sci. USA, 84: 1854 - 1857 (1987)). A cDNA encoding human CETP has

been cloned and sequenced (Drayna, D., et al., Nature, 327: 632 - 634 (1987)). CETP has

been shown to bind cholesteryl esters (CE), triglycerides (TG), phospholipids (Barter, P.J. et

al., J. Lipid Res., 27:238 - 249 (1980)), and lipoproteins (see, for example, Swenson, T.L., et

al., J. Biol. Chem., 264: 14318 - 14326 (1989)). More recently, the region ofCETP defined

by the carboxyl terminal 26 amino acids, and in particular amino acids 470 to 475, has been

shown to be especially important for neutral lipid binding involved in neutral lipid transfer

25

30
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(Hesler, C.B, et al.,J. Biol Chem., 263: 5020 - 5023 (1988)), but not phospholipid binding

(see, Wang, S., et al, J. Biol Chem^ 267: 17487 - 17490 (1992); Wang, et al, I Biol

Chem., 270: 612 -618 (1995)).

It follows from current research that increased levels ofCETP activity may be

predictive of increased risk of cardiovascular disease. Endogenous CETP activity is thus an

attractive therapeutic target for modulating the relative levels of lipoproteins to prevent or

inhibit the development of or to promote regression of cardiovascular diseases such as

atherosclerosis.

It would be useful, therefore, to develop the means and methods to control or

modulate endogenous CETP activity to prevent or treat cardiovascular disease. Preferably,

the modulation of endogenous CETP activity in a human or animal would be accomplished

by administering to the subject a pharmaceutical composition that is specific for CETP, does

not require large quantities, does not require continuous or frequently repeated dosing, and

also does not produce untoward side effects.

Summary of the Invention

A DNA plasmid-based vaccine is described that comprises a plasmid DNA molecule

containing a DNA sequence encoding an immunogenic fusion polypeptide that, when

administered to a human or animal subject, will induce the production of autoantibodies

20 specifically reactive with endogenous CETP. Such antibodies inhibit endogenous CETP

activity or remove CETP from circulation (clearance), promote the formation and

maintenance of an antiatherogenic serum lipoprotein profile (for example, increased HDL

levels and decreased LDL levels), and/or inhibit the development of atherosclerotic lesions.

The immunogenic fusion polypeptide encoded on a plasmid as described herein

25 comprises a T ceil epitope portion and a B cell epitope portion. A T cell epitope portion

encoded on the plasmid of this invention comprises a non-endogenous CETP protein, or

fragment thereof, that contains a broad range or "universal" helper T cell epitope which binds

the antigen presenting site of multiple (i.e., 2, 3, 4, 5, 6 or more) class II major

histocompatibility (MHC) molecules and can form a tertiary complex with a T cell antigen

receptor, i.e., MHC:antigen:T cell antigen receptor. By "non-endogenous CETP protein" is

meant a protein which is not the endogenous CETP of the individual who is to be

administered a plasmid of this invention. Such non-endogenous CETP proteins, or fragments

thereof, useful as T cell epitope portions of the immunogenic fusion polypeptide encoded by
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plasmids of this invention include tetanus toxoid (particularly peptides of tetanus toxoid

having amino acid sequences of amino acids 2-15 ofSEQ ID NO:7 and amino acid sequence

ofSEQ ID NO: 10); diphtheria toxin (particularly peptides having amino acid sequences of

amino acids 271 -290,321 -340,331 -350,351 -370,411 -430, and 431 - 450 of SEQ ID

5 NO:9); class II MHC-associated invariant chain; influenza hemagglutinin T cell epitope;

keyhole limpet hemocyanin (KLH); a protein from known vaccines including pertussis

vaccine, the Bacile Calmette-Guerin (BCG) tuberculosis vaccine, polio vaccine, measles

vaccine, mumps vaccine, rubella vaccine, and purified protein derivative (PPD) of tuberculin;

and also synthetic peptides which bind the antigen presenting site of multiple class II

10 histocompatibility molecules, such as those containing natural amino acids described by

Alexander et al. (Immunity, 1: 751 - 761 (1994)). When attached to a CETP B cell epitope

portion, the T cell epitope portion enables the immunogenic fusion polypeptide to break

tolerance in order for antibodies to be made that react with endogenous CETP. By "breaking

tolerance" is meant forcing an organism to mount an immune response to a protein, such as

15 endogenous CETP, that the organism does not normally find immunogenic.

The B cell epitope portion of an immunogenic fusion polypeptide encoded on a

plasmid of this invention comprises the amino acid sequence of the endogenous CETP, or

fragment thereof, of the same species as the individual who will be administered the plasmid;

the CETP, or fragment thereof, from a species different from the individual who will be

20 administered the plasmid; or a synthetic amino acid sequence which elicits antibodies that

bind to endogenous CETP. Such a B cell epitope portion useful in the plasmid-based CETP

vaccine of this invention is encoded by a DNA sequence of at least 15 nucleotides in length.

In one embodiment of the invention, a DNA plasmid contains a structural coding

sequence for an immunogenic fusion polypeptide wherein the structural coding sequence

25 comprises a DNA sequence encoding a tetanus toxoid polypeptide (such as nucleotides 1
3 -

54 of SEQ ID NO:5) as the T cell epitope portion linked in the same reading frame with DNA
sequences (such as nucleotides 55 - 1 59 ofSEQ ID NO:5) encoding amino acids 350- 368

and 481 - 496 ofthe amino acid sequence of mature rabbit CETP (SEQ ID NO:2) as the B

cell epitope portion. In a preferred embodiment, a DNA plasmid of this invention encodes a

30 structural coding sequence for an immunogenic fusion polypeptide wherein the structural

coding sequence comprises a DNA sequence encoding a tetanus toxoid polypeptide (such as

in nucleotides 13 - 54 ofSEQ ID NO:5) as the T cell epitope portion of the immunogenic

fusion polypeptide linked in the same reading frame with DNA sequences, such as



WO 97/41227 PCI7US97/07294

8

nucleotides 1045 - 1 101 and 1381 - 1428 ofSEQ IDNO:3 encoding, respectively, amino

acids 349 - 367 and 461 - 476 of the amino acid sequence of mature human CETP (SEQ ID

NO:4) as the B cell epitope portion of the immunogenic fusion polypeptide.

The immunogenic fusion polypeptides of the invention are expressed from the

plasmids of this invention at sufficient levels and for a sufficient period of time to elicit

production of autoantibodies that react specifically with endogenous CETP and that serve to

decrease or inhibit CETP-mediated atherogenesis as evidenced by an antiatherogenic serum

lipoprotein profile and/or an inhibition in the development of atherosclerotic lesions.

Expression of the immunogenic fusion protein is directed by a promoter or

promoter/enhancer sequence that can direct efficient transcription in mammalian cells,

particularly skeletal muscle cells. Such promoter/enhancer sequences include, but are not

limited to, human cytomegalovirus (CMV) promoter/enhancer sequence, adenovirus

promoter/enhancer sequence, and (i-actin promoter/enhancer sequence.

In addition, a plasmid of this invention may or may not encode an amino terminal

secretion signal sequence linked to the immunogenic fusion polypeptide. Preferably, a

plasmid of this invention encodes an immunogenic fusion polypeptide that does not contain

an amino terminal secretion signal sequence.

In another preferred embodiment, a plasmid of this invention also includes a poly A

signal sequence located 3' to the structural coding sequence of the immunogenic fusion

polypeptide.

Thus, a preferred plasmid of this invention consists essentially of a promoter/enhancer

sequence which is operably linked to a DNA sequence encoding an immunogenic fusion

polypeptide comprising a T cell epitope portion and a B cell epitope portion which induces an

individual receiving the plasmid to produce an immune response that results in the inhibition

of the activity of endogenous CETP.

The DNA plasmids of this invention may be administered by any means normally

used to administer plasmid-based vaccines to humans or animals, provided the mode of

administration results in expression of the immunogenic fusion polypeptide and production of

antibodies which specifically react with (i.e., bind) the endogenous CETP. Preferably, the

DMA plasmids are administered intramuscularly or intradermally.
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Brief Description of the Drawings

Figure 1 is a diagram showing the construction of piasmid pCMV-LUC which

contains a luciferase gene the transcription of which is under the control of a CMV promoter

5 and enhancer.

Figure 2 is a bar graph showing luciferase activity measured at different time points in

homogenates of quadriceps from mice injected intramuscularly with piasmid constructs

having the luciferase gene under the transcriptional control of three different promoters:

CMV, p-actin, and adenovirus. Homogenates were prepared from quadriceps from mice on

10 Day 2, 32, or 132 after being injected with one of the piasmid constructs, 'TBS Control"

refers to homogenates prepared from control mice on Day 2, 32, or 132 after being injected

with sterile phosphate buffered saline (PBS).

Figure 3 is a bar graph showing anti-luciferase antibody production in mice injected

intramuscularly with the piasmid pCMV-LUC, in plasma blood samples obtained from mice

15 at 3 1 and 45 days after immunization.

Figure 4 is a diagram showing the construction of plasmid-based vaccine pCMV-

CETP/TT.

Figure 5 shows the nucleotide sequence of a DNA insert encoding a tetanus toxoid

fragment and two CETP B cell epitopes, as a fusion polypeptide, inserted under the control of

20 the CMV promoter/enhancer in piasmid pCMV-CETPyTT. The corresponding, single-letter

abbreviation of the amino acid sequence for the encoded immunogenic fusion polypeptide

and the location ofNoti restriction endonuclease cleavage sites in the DNA insert are also

depicted.

Figure 6 shows an outline of the daily protocol used for testing the plasmid-based

25 vaccine pCMV-CETPATT in rabbits #1 - #8 and #10 - #14 (indicated as numbers at top of

table columns) under differing dietary conditions. The day on which a particular step (row)

of the protocol was carried out on a particular rabbit (column) is indicated in each box.

Rabbits #1 - #8 were injected with 50 \ig ofpCMV-CETP/TT as a plasmid-based CETP

vaccine and 50 |ig ofpCMV-LUC as an internal control and reporter on indicated days (see

30 rows labeled "CETP Vaccine"). The first injection of the plasmids to rabbits #1 - #8 occurred

on Day 0. Rabbits #10 - #14 were control rabbits which did not receive either of the plasmids

(negative control animals). Boxes in rows labeled "PRE 1", "PRE 2" or "PRE 3" indicate

days (designated as negative numbers in bold and in parentheses) on which blood samples
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("prebleeds") were obtained from rabbits prior to the first administration of the plasmids.

"PRE 3" also indicates that blood samples were drawn on the same day as and prior to the

first injection of plasmids pCMV-CETP/TT and pCMV-CETP/TT DNA into rabbits #1 - #8.

Boxes in rows labeled "BLEED 1"- "BLEED 12" indicate those days (in bold) on which

5 blood samples were obtained from rabbits after the first injection ofplasmid DNA into

rabbits # 1 - #8 on Day 0. Boxes in rows labeled "Tetanus" indicate the day on which a rabbit

received an intramuscular injection of an alum-adsorbed vaccine preparation of tetanus

toxoid. Boxes in rows labeled "0.25% Choi." and "0.5% Choi." indicate the day on which a

particular rabbit was placed on a rabbit chow diet supplemented with 0.25 % (w/w)

10 cholesterol or 0.5 % (w/w) cholesterol, respectively. Boxes containing an "X" indicate that a

particular rabbit was either not in the particular protocol step designated by the row or that the

animal had been sacrificed. Boxes in rows labeled "Termination" indicate the day on which

each rabbit was sacrificed.

Figure 7 is a histogram showing luciferase expression in tissue homogenates taken

1 5 from the approximate areas of each of three sites in rabbit quadriceps which were injected

with both pCMV-LUC and pCMV-CETP/TT plasmids. Luciferase activity is expressed in

counts per second. "Normal Rabbit" refers to luciferase activity in tissue homogenate taken

from a normal control rabbit that did not receive either plasmid. "Rabbit 8" refers to tissue

homogenates prepared from approximate sites of injection of plasmids pCMV-LUC and

20 pCMV-CETP/TT into quadriceps of rabbit #8 which was sacrificed 48 hours after being

injected with plasmids on Day 0. "Rabbit T refers to tissue homogenates prepared from

approximate sites of injection of pCMV-LUC and pCMV-CETP/TT into quadriceps of rabbit

#7 which was sacrificed 48 hours after receiving a second injection (boost) of plasmids

pCMV-LUC and pCMV-CETPATT on Day 28.

25 Figure 8 is a graph showing detection by ELISA of anti-rabbit CETP477^96 antibodies

in plasma taken on Day 57 from six rabbits (rabbits #1 - #6) vaccinated with plasmid pCMV-

CETP/TT. Plasma was assayed from rabbit #1 (filled square), rabbit #2 (filled circle), rabbit

#3 (filled triangle), rabbit #4 (open triangle), rabbit #5 (open circle), and rabbit #6 (cross).

"NRP" refers to plasma taken from a control rabbit that was not injected with either plasmid

30 pCMV-LUC or plasmid pCMV-CETP/TT (open square).

Figure 9 is a graph showing detection of anti-rabbit CETP477.496 antibodies in plasma

taken at Day 220 from four rabbits vaccinated with plasmid pCMV-CETP/TT. Plasma was

assayed from rabbit #2 (filled circle), rabbit #3 (filled triangle), rabbit #5 (open circle), and
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rabbit #6 (cross). "NRP" refers to plasma taken from a control rabbit that was not injected

with piasmids pCMV-LUC and pCMV-CETP/TT (open square).

Figure 10 is a graph showing concentration (ug/ml) ofanti-CETP^* antibodies in

rabbit plasma samples taken as described in Figure 6. Plasma was assayed from rabbit #1

(filled square), rabbit #2 (filled circle), rabbit #3 (filled triangle), rabbit #4 (open triangle),

rabbit #5 (open circle), and rabbit #6 (cross).

Detailed Description of the Invention

The instant invention provides a strategy for the inhibition or prevention of

1 0 cardiovascular disease, such as atherosclerosis, by modulating CETP activity, either by

inhibiting CETP activity by antibody binding or clearing CETP activity from the circulatory

system (or both). The modulation ofendogenous CETP activity is accomplished using a

plasmid-based vaccine. The DNA piasmids described herein encode immunogenic fusion

polypeptides which when expressed in vivo elicit the production of autoantibodies to inhibit

1 5 and/or clear circulating endogenous CETP activity. The present invention also provides a

method for immunizing a vertebrate, such as a human, to elicit an antibody response to its

endogenous CETP and thereby modulate CETP activity.

The various designations for lipids, lipoproteins, and apolipoproteins referred to

below are the same as described in the Background above. As noted above, CETP plays a

20 significant role in the transport and distribution ofCE and TG between lipoproteins HDL and

LDL. A decreased CETP activity produces a non-atherogenic lipoprotein profile or decreases

the development of atherosclerosis (see, for example, Mabuchi et al, Acad ScL, 748: 333 -

341 (1995); Inazu et al., New Eng. J. Ued.
%
323: 1234 - 1238 (1990); Gaynor et al,

Atherosclerosis, 110: 101 - 109 (1994); Whitlock et al, J. Clin. Invest., 84: 129 - 137

25 (1 989)). Conversely, increased CETP activity produces an atherogenic lipoprotein profile and

induces atherosclerosis. The overexpression of CETP in transgenic animals decreases HDL

levels and accelerates atherosclerosis (Agellon etal, 1 Biol. Chem., 266: 10796 - 10801

(1991); Marotti etal., Nature, 364: 73 - 75 (1993)), and the administration ofCETP to

experimental animals can lead to elevated levels of VLDL-C and LDL-C and a relative

30 decrease in the level ofHDL-C (Groener et al., Biochim. Biophys. Ada, 1002: 93- 100

(1989); Ha et al, Biochim. Biophys. Acta, 833: 203 - 210 (1985)), Thus, inhibition of CETP

activity is a desirable clinical outcome that will help prevent atherosclerosis, and inhibition of

CETP activity is an appropriate strategy for promoting a physiological state associated with
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prevention and treatment of cardiovascular disease.

In the invention described herein, plasmid-based vaccines are provided for producing

autoantibodies directed to endogenous CETP. Specifically, DNA plasmids are described

which are administered (for example, by intramuscular injection or intradermal ballistic

5 administration) to an individual. The administered DNA plasmids encode and direct the

production of immunogenic fusion polypeptides which exhibit one or more broad range or

"universal" helper T cell epitopes and also one or more B cell epitopes of CETP. Such

immunogenic polypeptides elicit the production of autoantibodies that react specifically with

(i.e., bind to) CETP in the individual (endogenous CETP). The production of anti-CETP

1 0 antibodies promotes a physiological state associated with decreased risk of cardiovascular

disease. The beneficial modulation of CETP activity produced by the DNA vaccines is

evidenced by a significantly decreased or eliminated CETP activity; by an antiatherogenic

lipoprotein profile (for example, an increase in the level ofHDL or HDL-C compared to

LDL, LDL-C, VLDL, or VLDL-C); or by an inhibition (including prevention) or decrease in

1 5 the development of atherosclerotic lesions in cardiovascular tissue, such as the aorta.

Design ofDNA Plasmid Vaccine for Modulation of Endogenous CETP

Many small peptides only become antigenic when coupled to larger immunogenic

carrier proteins (see, Etlinger, Immunol Today, 13, 52 - 55 (1992)). The carrier protein is

understood to provide epitopes recognized by helper T cells. Thus, although self-antigens,

20 such as B cell epitopes of endogenous proteins, are generally not immunogenic, recent

evidence has indicated that self-antigens can be made more immunogenic by linking them to

one or more epitopes recognized by helper T cells of the host's immune system. Such

immunogenic polypeptides containing one or more helper T cell epitopes and B cell epitopes

of a particular endogenous protein may elicit production of autoantibodies that specifically

25 react with the particular endogenous protein. For example, a fragment ofhuman chorionic

gonadotropin (hCG) has been conjugated to carrier proteins to produce a peptide vaccine to

elicit autoantibodies reactive with hCG (see, Ada, G.L„ in Fundamental Immunology, 3rd ed

W.E. Paul, ed, (Raven Press, Ltd., New York, 1993) pp. 1309 - 1352; Aitken et al., Brit Med

Bull, 49: 88 - 99 (1993)). This peptide vaccine consisted of a heterospecies dimer of the

30 alpha-subunit of ovine luteinizing hormone and the beta-subunit ofhCG conjugated to either

of two immunogenic carrier proteins, tetanus toxoid (TT) or diphtheria toxoid (DT) (Talwar

et al., Proa Nad Acad ScL, 91: 8532 - 8536 (1994)). In addition, a peptide vaccine

including the C-terminal portion of human CETP and a T cell epitope from tetanus toxoid
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was shown to elicit an anti-CETP antibody response and to alter CETP activity in rabbits, as

described in commonly assigned, copending U.S. application Serial No. 08/432,483, filed

May 1, 1995, incorporated herein by reference.

Broad Range T Cell Epitopes

The DNA plasmids described herein comprise a DNA sequence encoding an

immunogenic fusion polypeptide comprising a T cell epitope portion and a B cell epitope

portion. The helper T cell epitope portion (or simply, "T cell epitope portion") encoded on a

plasmid of this invention comprises a non-endogenous CETP protein, or fragment thereof,

that contains a "universal" or "broad range" T cell epitope which binds antigen presenting

sites of multiple (two or more) class II major histocompatibility (MHC) molecules and can

form a tertiary complex with a T cell antigen receptor, i.e., MHC:antigen:T cell antigen

receptor, which is the functional unit ofT cell epitope recognition. Thus, "universal" or

broad range T cell epitopes useful in this invention bind the antigen presenting site of

multiple class II MHC molecules and serve to activate helper T cells which, in turn, stimulate

B cell growth and differentiation, leading to the secretion of specific antibodies. Preferably, a

universal or broad range T cell epitope encoded by a plasmid of this invention binds the

antigen presenting site of three or more different class II MHC molecules, such as three

different allelic class II MHC molecules, found in the human population. More preferably, a

universal or broad range T cell epitope encoded on a plasmid of this invention binds the

antigen presenting site of four or more different class II MHC molecules. Most preferably, a

universal or broad range T cell epitope encoded on a plasmid of this invention binds six or

more different class II MHC molecules.

Broad range antigenic helper T cell epitopes are known in the art. These include, for

example, epitopes of tetanus toxoid (TT) and diphtheria toxoid (DT) (see, for example,

Panina-Bordignon, P., et al., Eur. J. Immunol, 19: 2237 - 2242 (1989) (characterization of

universal tetanus toxoid helper T cell epitope peptides); Etlinger, H., Immunol. Today, 13: 52

- 55 (1992); Valmori, D., etal., J. Immunol., 149: 717 - 721 (1992) (use of universal TT
epitopes in candidate anti-malarial vaccine); Raju et al., Eur. J. Immunol, 25: 3207 - 3214

(1995) (broad range T cell epitopes ofDT); Talwar, G.P., et al., Proc. Natl. Acad Sci. USA,

91: 8532 - 8536 (1994) (use ofTT and DT as universal epitopes in anti-human chorionic

gonadotropin vaccine); Talwar, G.P., et al., Proc. Natl. Acad. Sci. USA, 91: 8532 - 8536

(1994)).

In addition to TT and DT, other broad range or universal helper T cell epitope
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sequences useful in this invention include the universal class II MHC binding T cell epitopes:

HA of influenza hemagglutinin, HBVnc, CS, and MT as described in Alexander et al. (Cell,

7; 751 - 761 (1994)). Still other T cell epitopes that may be encoded by the plasmids of this

invention include those polypeptides derived from antigenic proteins derived from pertussis

5 vaccine, Bacile Calmette-Guerin (BCG), polio vaccine, measles vaccine, mumps vaccine,

rubella vaccine, and purified protein derivative (PPD) of tuberculin (see, for example,

Etlinger, H., Immunol. Today, 13: 52 - 55 (1992)). Synthetic sequences, i.e., that are not

derived from a naturally occurring organism, may also be used. Examples of synthetic broad

range T cell epitopes are discussed in Alexander et al., Immunity, 1: 751 - 761 (1994).

1 0 Plasmids of this invention may encode a variety of non-endogenous CETP proteins, or

fragments thereof, such as tetanus toxoid, particularly peptides of tetanus toxoid having

amino acid sequences of amino acids 2-15 ofSEQ ID NO:7 (a corresponding nucleotide

p.. coding sequence is nucleotides 13-54 of SEQ ID NO:5) and amino acid sequence of SEQ ID

O NO: 10. Another source of universal or broad range T cell epitopes useful in the plasmids of

15"S this invention is diphtheria toxin, particularly peptides having amino acid sequences of amino

ifl acids 271 -290,321 - 340,331 -350,351 -370,411 -430, and 431 - 450 ofSEQ ID NO:9.

IV An example of corresponding nucleotide sequences encoding these broad range T cell

M= epitopes from diphtheria toxin are nucleotides 811 -870,961 - 1020,991 - 1050, 1051 -

L 1 1 10, 1231 - 1290, and 1291 - 1350 of SEQ ID NO:8, respectively. Other sources of

20=p universal or broad range T cell epitopes that may be encoded on plasmids of this invention

IS include, but are not limited to, class II MHC-associated invariant chain; hemagglutinin;

D keyhole limpet hemocyanin (KLH); a protein from known vaccines including pertussis

vaccine, the Bacile Calmette-Guerin (BCG) tuberculosis vaccine, polio vaccine, measles

vaccine, mumps vaccine, rubella vaccine, and purified protein derivative (PPD) of tuberculin;

25 and also synthetic peptides as described by Alexander et al (1994).

Furthermore, two or more copies ofDNA coding for the same or various different

universal helper T cell epitopes may be linked to one another to form multiple or multivalent

helper T cell epitope portions of the vaccine peptides of this invention. For example, a

plasmid of this invention may contain DNA segments encoding a multiple or multivalent

30 helper T cell epitope portion having an amino acid sequence of a TT helper T cell epitope and

a DT helper T cell epitope. The T cell epitope portion of the DNA vaccine may be

continuous or may have intervening, in-frame segments encoding the B cell epitope portion or

(preferably non-antigenic) segments linking the T and/or B cell epitopes.
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A large number of possible T cell epitopes could be used as the T cell epitope portion

ofan immunogenic fusion polypeptide encoded on a plasmid of this invention. A routine

methodology can be used to identify such additional broad range T cell epitopes which bind

the antigen presenting sites of multiple class II MHC molecules (for example, Raju et al., Eur.

J. Immunol, 25: 3207 - 3214 (1995)). In this methodology, broad range T cell epitopes are

identified by first obtaining peripheral blood from individuals that have recently been

immunized with a protein of interest, i.e., the protein from which the T cell epitope is derived.

Alternatively, peripheral blood from individuals not recently immunized can be used.

However, T cells from such individuals need to be stimulated with the protein of interest in

vitro to increase the number of T cells specific for the protein of interest. It is not necessary

to know the identity of such a protein of interest to obtain a T cell epitope useful in this

invention. It is sufficient if a protein can be isolated and purified, such as by extracting a

band of the protein from a polyacrylamide gel after electrophoresis. Peptides of a protein of

interest are made, for example, by limited proteolysis, or if the amino acid sequence of the

1 5 protein is known, by synthesizing by standard methods overlapping polypeptides of at least

five, and preferably approximately twenty, amino acids in length. A preferred group of

individuals used as a source of peripheral blood for this methodology is a group of individuals

who have recently been immunized with a known prophylactic vaccine, such as tetanus,

diphtheria, or influenza vaccines, which contain one or more proteins that can be selected as

20 the protein of interest to derive a useful T cell epitope. Each peptide from the protein of

interest is individually co-cultured with peripheral blood lymphocytes purified from the

peripheral blood of each individual from the group. The antigen presenting cells in each

culture will bind certain peptides to their class II MHC molecules and display these on their

cell surface. CD4+ T cells in the culture will bind a subset of these class II MHC bound

25 peptides and consequently form the tertiary complex MHC:T cell epitope;T cell antigen

receptor necessary to activate T cells and induce proliferation. Proliferation is detected by

standard 3
H-thymidine incorporation into DNA. Cultures showing proliferation by this assay

indicate that the peptide co-cultured with the cells contained a helper T cell epitope. A
peptide that stimulates proliferation of peripheral blood lymphocytes from multiple

30 individuals is a candidate broad range T cell epitope useful in this invention. The amino acid

sequence of such a peptide can be determined by standard amino acid sequence analysis. A

DNA molecule encoding the peptide is prepared which encodes the peptide. If a DNA
molecule encoding the peptide is not already available, a DNA sequence can be deduced
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using the genetic code and a DNA molecule having a nucleotide sequence encoding the

peptide can be synthesized by standard DNA synthetic methods or obtained from a

commercial vendor. The DNA molecule is then inserted in the same reading frame as the

DNA sequence encoding the B cell epitope portion of the immunogenic fusion protein on a

plasmid of this invention (see below).

PCell Ep itopes ofCETP

The B cell epitope portion of the immunogenic fusion polypeptide encoded by the

DNA plasmids of this invention comprises at least one B cell epitope of CETP, preferably the

endogenous CETP of the vertebrate subject to be immunized. The use of at least two B cell

epitopes is desirable and preferred because it increases the probability that the various

autoantibodies produced in response to expression of the DNA vaccine in vivo will be able to

bind to at least two distinct epitopes on each CETP molecule and thereby promote formation

of immune complexes, which leads to efficient clearing of the CETP protein molecules from

circulation.

B cell epitopes useful in this invention may be as small as 5 to 8 consecutive amino

acid residues of the entire amino acid sequence of CETP. The DNA plasmids described

herein contain a DNA sequence encoding a CETP B cell epitope portion of at least 15, and

preferably 30 - 48 nucleotides in length. Preferred B cell epitopes ofCETP for use in human

vaccines will be encoded, individually, by at least a 1 5-nucleotide sequence of the coding

sequence for CETP (see, for example, SEQ ID NO:l encoding mature CETP (rabbit); SEQ ID

NO:3 encoding mature CETP (human)), or degenerate sequences thereof encoding the same

epitope. It should be noted that alleles of the rabbit CETP gene have been discovered and

consequently, could be anticipated for the human gene (see, Nagashima et al, J. Lipid Res.,

29: 1643 - 1649 (1988); Kotake et al., J. Lipid Res., 37: 599 - 605 (1996)). The B cell

epitopes may be present in sequence or separated by intervening, in-frame segments encoding

the T cell epitope(s) or (preferably non-antigenic) linking peptides of one or more amino

acids. Of course, the actual length of the DNA sequence encoding the B cell epitope portion

depends on the length of the particular B cell epitopes selected from CETP.

Although the DNA sequence encoding the B cell epitope portion of the immunogenic

fusion polypeptide may encode two or more B cell epitopes of CETP, there are several

reasons why the DNA sequence should not encode the entire amino acid sequence of the

mature circulating CETP. For example, using less than the entire structural coding sequence

for CETP limits the probability of producing antibodies that might cross-react with other self
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proteins. In addition, using less than the entire CETP structural coding sequence is one way

to avoid producing potentially functional CETP protein or fragment, i.e., that would exhibit

CE and/or TG transfer activity and thereby increase the overall CETP activity in the

vaccinated individual. Using less than the entire CETP coding sequence also reduces the

5 chance of eliciting cell-mediated autoimmune responses. Whether a region of CETP or even

a particular CETP B cell epitope also includes a T cell epitope can be readily determined by

testing the B cell epitope or region ofCETP in a cytotoxic T cell or proliferation assay (see,

for example, Current Protocols in Immunology (Coligan et aL, eds.) (John Wiley & Sons,

New York, 1994) pp. 3.1 1.4 - 3.1 1.7 and 3.12.9 - 3,12.14).

1 0 The carboxyl terminal 26 amino acids ofhuman CETP is involved in neutral lipid

transfer activity (Swenson et ah, J Biol Chem., 264: 14318 - 14326 (1989)). In particular, a

13-amino acid sequence (Phe-463 to Leu-475 in human CETP, SEQ ID NO: 4; amino acids

Phe-483 to Leu-495 in rabbit CETP, SEQ ID NO:2) and also possibly Asp-460 (human)

(Asp-480, rabbit) are particularly important for neutral lipid binding and transfer activity

15 (Wang et aL J. Biol Chem., 268: 1955 - 1959 (268); Wang et aL, 1 Biol Chem., 267: 17487

- 17490 (1992)). This region has already been shown to be immunogenic as a B cell epitope

of CETP, and a monoclonal antibody (TP2) directed at this region has been shown to inhibit

neutral lipid transfer. Accordingly, in a preferred embodiment, a plasmid used as a DNA
vaccine useful in humans comprises a DNA sequence encoding the CETP B cell epitope as

20 defined by the amino acid sequence of Phe-461 to Ser-476 or Phe-463 to Leu-475 of mature

human CETP (see SEQ ID NO: 4).

A DNA sequence encoding a second B cell epitope of CETP is defined by the amino

acid sequence of Leu-349 to He-367 of human CETP (SEQ ID NO: 4) (corresponding rabbit

amino acid sequence Arg-350 to Ile-368 of SEQ ID NO: 2). In preferred embodiments this

25 DNA encoding this epitope is included in the structural coding sequence of the immunogenic

polypeptide to produce a second antibody species, specific for a second CETP epitope, in

vivo. Antibodies to a second epitope would allow the formation of immune complexes

involving CETP, and consequently promote the removal (clearance) of the complexed CETP.

This peptide was selected for its potential antigenicity and high possibility for surface

30 expression on native CETP.

Other suitable B cell epitopes of CETP could be selected, for example, based on

previously defined antibody binding sites (see, for example, Roy et aL, Lipid Res., 37:22- 34

(1996)) or by analysis of the amino acid sequence for structural motifs associated with a
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propensity for antibody recognition.

Transcription and Replication Control Sequences

The DNA plasmids of this invention must contain the DNA sequences necessary to

permit a sufficient level of in vivo expression of the encoded immunogenic fusion polypeptide

5 to elicit production of autoantibodies reactive with endogenous CETP. Thus, the DNA

plasmid according to the present invention comprises: the structural coding sequence for an

immunogenic fusion polypeptide comprising a DNA sequence coding for at least one T cell

epitope and a DNA sequence coding for at least one B cell epitope of CETP as described

above, and a promoter sequence or a promoter/enhancer sequence to direct transcription of

1 0 the structural coding sequence for the immunogenic fusion polypeptide. In some instances it

may be desirable, as described above, to include coding sequences for one or more additional

amino acids, for example, to space the epitope portions, to disrupt unintentionally created

neo-epitopes formed by the juxtaposition of the selected T and/or B cell epitopes, to insert

proteolytic cleavage sites, etc. It may also be desirable to include a bacterial origin of

1 5 replication and a selectable markers), for example, to aid in production of large quantities of

the plasmid vaccine in bacterial culture.

Transcription of the immunogenic fusion protein structural coding sequence is under

the control of a promoter sequence and an enhancer sequence. A variety of promoter and

enhancer sequences are known and may be evaluated for this purpose in accordance with

20 Example 1 , below. Promoter/enhancer sequences that may be used in plasmids of this

invention include, but are not limited to, CMV promoter/enhancer sequence, adenovirus

promoter/enhancer sequence, and P-actin promoter/enhancer sequence. In a preferred

embodiment, the promoter and enhancer sequences are the CMV immediate-early

promoter/enhancer sequence. Whether a particular promoter/enhancer is more or less useful

25 than another promoter/enhancer sequence in the plasmids of this invention can be determined

by comparing the ability of promoter/enhancer evaluated by testing whether the

promoter/enhancer permits expression of a standard reporter gene, such as luciferase or P~

galactosidase, and the production of antibody reactive with the expressed reporter in an

animal model for gene expression, such as in rabbits or mice. Generally the higher the level

30 of expression of the reporter gene product and/or the higher the level of production of

antibodies reactive with the expressed reporter gene product, the more useful that particular

promoter/enhancer will be at directing transcription of the structural coding sequence for the

immunogenic fusion protein in the plasmids used as DNA vaccines.
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Methods of Administering DNA Vaccine

The plasmid-based vaccines according to the invention may be administered in any

conventional manner. Suitable methods include, for instance, direct administration of

plasmid DNA via intramuscular injection, intradermal injection or DNA-coated

5 microprojectiles. The amount of vaccine administered will vary widely according to the

method of administration, the tissue (for example, skeletal muscle, skin) into which the

vaccine is administered, the desired titer of anti-CETP antibodies, the particular therapeutic

needs of the subject to be immunized, etc. Very large amounts ofDNA vaccine, on the order

of 10 mg/kg of body weight, may be administered with injection into muscle tissue, whereas

10 for coated microprojectiles very much less vaccine may possibly be used. The dosage of

vaccine and immunization protocol should be calibrated to obtain a beneficial response,

which can be measured in a variety of ways, depending on the clinical setting, for example,

by measuring change in lipoprotein profile (for example, increased HDL/LDL ratio), anti-

CETP antibody titer, serum CETP concentration, change in CETP activity, etc.

1 5 The following examples are provided in order to illustrate the invention described

herein. These examples are not intended to in any way limit the scope of the invention.

Example I

Selection of the optimal promoter/enhancer and derivation of the pCMV-LUC plasmid

This experiment was designed to evaluate the effectiveness of several

20 promoter/enhancers to express a reporter gene (luciferase) and elicit immune responses, to

select the best one for use in future vaccination experiments.

Three different plasmids were constructed, with the firefly luciferase gene expressed

under the control of the (J-actin, the adenovirus, or the human cytomegalovirus (CMV)

immediate early promoter/enhancer. Since the CMV construct (pCMV-LUC) was used in

25 further experiments, details of its construction are as follows.

The CMV promoter/enhancer, with the pUC19 plasmid vector backbone containing

the ampicillin resistance gene (ampr

), was excised by digestion with BamHI from the plasmid

pCMVp (Clontech Laboratories, Palo Alto, CA). The luciferase gene (LUC), with adjacent

splice donor/acceptor sites and polyadenylation signal derived from SV40, was generated

30 from the pGL2-Promoter Vector (Promega Corp., Madison, WI) on a BamHI fragment, as

follows: pGL2 was digested with Hindlll and ends were filled in with Klenow polymerase.

BamHI linkers were attached and digested with BamHI. This LUC fragment was gel purified

and ligated to the CMV+ vector fragment from pCMVp. The structure of the resulting
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plasmid, pCMV-LUC, was confirmed by restriction mapping. See Figure 1

.

Luciferase expression was confirmed by assaying luciferase activity in lysates of COS
cells transfected with all 3 constructs.

Four groups of nine mice were established. Three of the groups were injected

5 intramuscularly, in both quadriceps, with 50 ug/quadriceps of one of the three constructs

(above) in 25 ul phosphate buffered saline (PBS). The fourth group of mice served as a

control and received two 25 ul injections ofPBS only. The animals received an equal boost

of the same plasmid (or PBS control) after 4 weeks and were bled at approximately 2-week

intervals. One mouse from each group was sacrificed at day 2 and at day 32 (48 hours after

10 injections) in order to assay tissue for luciferase production. At the conclusion of the

experiment the animals were euthanized with C0
2 and the injected muscle tissue was assayed

for luciferase production.

Quadriceps tissue samples were prepared by mechanical homogenization of the

muscle with 400 ul reporter lysis buffer (Promega Corp., Madison, WI). The homogenate

1 5 was vortexed and centrifuged at high speed and the supernatant removed. One hundred ui of

beetle luciferin (Promega Corp.) was added to 20 pal of the supernatant. The light emitted

due to the enzyme-substrate interaction was measured for 5 seconds in a Packard Top Count

scintillation counter. Active luciferase enzyme was detected in tissue samples from animals

injected with all three of the plasmids. However, the animals injected with pCMV-LUC had

20 the highest level of active enzyme production (see, Figure 2), and this promoter/enhancer wras

selected for use in further experiments. The values for days 2 and 32 involved one animal

only. On day 1 32, when the remaining animals were sacrificed and the quadriceps muscles

were assayed, significant active luciferase was detected in the CMV group at levels as high as

or higher than that detected on days 2 and 32. It is particularly striking that active luciferase

25 was found in muscle tissue 132 days after the last injection ofpCMV-LUC. The longevity of

the expression of protein with the pCMV-LUC construct was important to the logic of using

the CMV promoter/enhancer for the CETP vaccine plasmids described below.

Antibodies to luciferase were detected in bleeds taken on day 31 and 45. The ELISA

was performed as follows: Biotinylated luciferase was adhered to a streptavidin-coated plate

30 for 1 hour, then washed with PBS containing 0.05% Tween 20. Mouse plasma was diluted in

PBS with 1% BSA in PBS, incubated in the plate for approximately two hours, then washed.

Goat-anti-mouse-HRP (goat anti-mouse antibody conjugated to horseradish peroxidase) was

added and incubated for 45 minutes. After incubation for 2 hour at 20°C on a rotating
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shaker, and washing, the reaction was developed with 3,3\5 >5
,

^etramethylbenzidine (TMB,

Kirkegaard & Perry Laboratories, Inc., Gaithersburg, MD), stopped with 2N H2S04 , and read

at 450 nm. Antibodies to luciferase were detected in bleeds taken on day 3 1 and 45. The

results are presented graphically in Figure 3.

5 A significant increase in antibody production was seen subsequent to the second

injection of plasmid. This experiment indicates that luciferase produced by a plasmid-based

vaccine can elicit antigen-specific antibodies. These experiments indicated that the CMV

promoter/enhancer is effective at driving the expression of an immunogenic protein in vivo.

Example II

10 pCMV-CETP/TT plasmid vaccine design and construction

The rabbit CETP fragment corresponding to the C-terminal amino acids 481 - 496

(see, SEQ ID NO; 2) has been identified to contain the functional, neutral lipid binding site of

rabbit CETP. This fragment includes the epitope recognized by TP2, an anti-CETP

monoclonal antibody that inhibits CETP activity (Swenson, T. L., et aL, J Biol Chem. f 264:

15 14318 - 14326 (1989)). A second epitope of rabbit CETP (amino acids 350-368 of SEQ ID

NO:2) was selected for the plasmid-based vaccine to elicit antibodies to a second epitope

which would allow the formation of immune complexes involving CETP, and consequently

promote the clearance of the immune cotnplexed CETP. This epitope was selected for its

potential antigenicity and high possibility for surface expression on native CETP.

20 A tetanus toxoid sequence recognized as almost universally antigenic (Panina-

Bordignon, P., et aL, Euk J. Immunol, 1989: 2237 - 2242 (1989)) was selected as the T cell

epitope portion. This TT epitope has been used successfully in generating an autoimmune

antibody response to hCG (Talwar, G. P., et aL, Proc. Natl Acad Set, 91: 8532 - 8536

(1994)). It would be expected to be particularly effective also in vaccines administered to

25 subjects previously vaccinated with tetanus toxoid.

A set of four oligonucleotides were synthesized which encode the TT and CETP

epitopes as well as an initiating methionine residue, a 5' Kozak sequence (for efficient

translation), a stop codon, and flanking NotI sites for cloning. The oligonucleotides were

annealed and extended with DNA polymerase. See Figure 4.

30 The double-stranded product was digested with NotI and gel purified to isolate the

CETP/TT insert below:
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GCGGCCGCC ATG CAG TAC ATC AAG GCC AAC TCC AAG TTC ATC GGC ATC ACG GAG
CGCCGGCGC TAC GTC ATG TAG TTC CGG TTG AGG TTC AAG TAG CCG TAG TGC CTC

NotI MQYIKANSKFIGITE
t< TETANUS TOXOID >|

5

CGC TTC CCC CGC CCA GAT GGC CGA GAA GCT GTG GCC TAC AGG TTT GAG GAG GAT ATC
GCG AAG GGG GCG GGT CTA CCG GCT CTT CGA CAC CGG ATG TCC AAA CTC CTC CTA TAG

10 RFPRPDGREAVAYRTEED1
|< rabbit CETP {350-3 68) >|

TTC GGT TTT CCC AAG CAC CTG CTG GTG GAT TTC CTG CAG AGC CTG AGC TAG CGGCCGC
15 AAG CCA AAA GGG TTC GTG GAC GAC CAC CTA AAG GAC GTC TCG GAC TCG ATC GCCGGCGFGFPKHLLVDFLQSLS*

|< rabbit CETP (481-496/ >| STOP NotI

In the above insert, the coding strand is SEQ ID NO: 5, the antisense strand is SEQ ID

20 NO; 6, the amino acid sequence is SEQ ID NO: 7. The insert is also depicted in Figure 5.

The plasmid pCMVp (Clontech Laboratories) was digested with NotI to generate a

fragment containing the CMV promoter/enhancer on a pUC 19 backbone, with the ampicillin

resistance gene (ampr

). This fragment also includes splice donor/acceptor sites and a

polyadenylation signal derived from SV40, flanking the NotI insertion site. The synthesized

25 CETP/TT insert was ligated to the CMV+ vector fragment from pCMVp. Plasmids were

recovered by bacterial transformation and inserts confirmed by DNA sequencing.

Example III

Vaccination of rabbits with the pCMV-LUC and nCMV-CETP/TT plasmids

An experiment employing a rabbit model for atherosclerosis (Daley et aL, Arterioscl.

30 Thromb., 14: 95 - 104 (1994)) was designed to test whether a DNA plasmid-based vaccine

according to this invention would break tolerance to endogenous CETP resulting in

production of antibodies reactive with endogenous CETP and/or inhibition in the

development of atherosclerotic lesions in the rabbit aorta. New Zealand white rabbits (n = 8)

were immunized with both plasmids pCMV-LUC and pCMV-CETP/TT and monitored for

35 production of anti-luciferase and anti-CETP antibody production as well as for the ability to

inhibit progression of atherosclerosis when placed on atherogenic diets, i.e., diets

supplemented with amounts of cholesterol known to generate definite and extensive

atherosclerotic lesions in control rabbits (Daley et al., id). The daily protocol for this

experiment employing 13 rabbits is shown in Figure 6,

40 Eight rabbits (rabbits # 1- #8) were vaccinated in three sites intramuscularly in each

quadriceps with a vaccine preparation consisting of an equal mixture of the plasmids pCMV-
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CETP/TT and pCMV-LUC on Day 0. pCMV-LUC served as a reporter plasmid to allow an

additional level of experimental quantitation of plasmid-dependent protein expression and of

antibody production to the plasmid-encoded, expressed protein. Specifically, blood samples

(for example, 3 - 5 ml from an ear vein) were taken from the rabbits once a week for 3 weeks

5 to establish various pre-vaccination values ("prebleeds" designated PRE 1 , PRE 2, and PRE 3

in Figure 6). Blood samples, taken after an overnight fast (about 1 6 hours), were collected

into EDTA anti-coagulant. Following the last prebleed (PRE 3), each animal was vaccinated

with three injections into each quadriceps. Each of these 6 injections consisted of 50 [xg of

the pCMV-LUC plasmid and 50 \ig of the pCMV-CETP/TT plasmid in 100 ^1 of PBS

1 0 containing a small amount of carbon powder (to aid in excising the injection site). Forty-

eight hours after the vaccination one rabbit (rabbit #8) was sacrificed, and its blood and

quadriceps were removed for analysis. All animals were bled and boosted (as above, except

that blue dye was used instead of carbon) four weeks (Day 28) after the primary vaccination.

Again, 48 hours after the boost vaccination, one rabbit (rabbit #7) was sacrificed, and its

1 5 blood and quadriceps were removed.

The tissue samples around the areas of carbon marks in the quadriceps of rabbits #8

and #7, respectively, were taken and tissue homogenates prepared. Using the luciferase assay

described above, luciferase enzymatic activity was detected in tissue taken from the primary

(Day 0) injection sites as shown in Figure 7. For example, unvaccinated muscle tissue gave a

20 background signal of approximately 533 counts per second (cps) in this assay (Normal

Rabbit in Figure 7). Muscle tissue from a vaccinated site of rabbit #8 (site 3 for Rabbit 8 m

Figure 7), removed 2 days after vaccination, gave a luciferase signal of 125 cps (23.5 times

background), and muscle tissue from vaccinated sites of rabbit #7, removed 30 days after

vaccination showed a luciferase signal of 26.7 cps (site 1 for Rabbit 7 in Figure 7, 5 times

25 background) and 168 cps (site 3 for Rabbit 7 in Figure 7, 3 1 .5 times background). The fact

that not all tissue samples showed luciferase activity was probably due to the difficulty in

locating precisely the sites of deposition of plasmid despite the use of carbon to mark the

vaccination sites. However, the data from samples from site 3 of rabbits #8 and #7 shown in

Figure 7 clearly demonstrate that this plasmid construct is effective as a vaccine vector

30 (regardless of insert) in rabbits.

Two additional blood samples (BLEEDS 3 and 4 on Days 44 and 57, respectively, in

Figure 6) were taken at two-week intervals. The animals were then vaccinated three times

intramuscularly with 0.5 ml of an alum-adsorbed preparation of tetanus toxoid (Connaught
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Laboratories, Inc., Swiftwater, PA) on Days 66, 91, and 128 (see Figure 6). This was done to

determine if tetanus vaccination would increase the CETP vaccine efficacy and to better

mimic the human situation.

Initially, all rabbits in this experiment were fed standard rabbit chow. In order to

5 induce the formation of atherosclerotic-like lesions, rabbits were placed on a diet containing

either 025 % (w/w) cholesterol or 0.5 % (w/w) cholesterol at Days 99, 1 12, and 154, as

indicated in Figure 6. Additional blood samples (BLEEDS 8 - 12) were taken, and the entire

experiment terminated by Day 220.

An ELISA designed to detect free serum antibodies recognizing a rabbit CETP peptide

10 having an amino acid sequence corresponding to amino acids 477 - 496 of rabbit CETP

(amino acids 477 - 496 ofSEQ ID NO:2) was performed essentially as follows: Wells of a

96-well streptavidin-coated plate were coated with the CETP 477 - 496 biotinylated peptide

by incubation of 1 00 fil of a solution of the peptide ( 1 .0 |ag/ml PBS) for 30 minutes to 1 hour,

then washed with 2x PBS containing 0.1% Tween 20. Immunized rabbit plasma (or normal

1 5 rabbit plasma; NRP) was diluted in PBS with 1% bovine serum albumin (BSA), incubated in

the plate for approximately two hours, then washed. Goat-anti-rabbit-HRP (goat anti-rabbit

antibody conjugated to horseradish peroxidase) was added and incubated for approximately

45 min. on a rotating shaker. Following washing, the reaction was developed with 3,3',5,5 -

tetramethylbenzidine (TMB, Kirkegaard & Perry Laboratories, Inc., Gaithersburg, MD),

20 stopped with 2N H2
S04 , and read at 450 nm spectrophotometrically using an ELISA plate

reader.

Plasma samples from the six rabbits (rabbits #1 - #6), taken 57 days after the primary

vaccination were diluted and assayed for production of antibody reactive with the rabbit

CETP477^96 peptide. Plasma from an uninjected rabbit (NRP) was also assayed. The results

25 are depicted in Figure 8, indicating a range in the levels of production of anti-rabbit CETP

477 - 496 peptide antibody in vaccinated animals by Day 57.

Plasma samples from rabbits #2, #3, #5, and #6 were also taken on Day 220 and

assayed to determine whether rabbits vaccinated with pCMV-CETP/TT continued to produce

detectable levels of antibody to CETP as determined by an ELISA using the rabbit CETP 477

30 - 496 peptide. Wells of a 96-weIi streptavidin-coated plate were coated with biotinylated

CETP47W96 peptide by incubation of 100 \i\ of a solution of the peptide (200 ng/ml in PBS)

for 1 hour. Non-specific binding was prevented by incubating with Blocking Buffer (PBS

with 1% (w/v) BSA, 1% (w/v) non-fat dry milk, 0.5% (w/v) gelatin, 0.9% (v/v) Triton X-100,
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and 0.6% (v/v) NP-40) overnight at 4°C on rotating shaker at 150 rpm, followed by washing

three times with Wash Buffer (2x PBS with 0.05% (v/v) Tween 20). Immunized rabbit

plasma (or normal rabbit plasma, NRP) was diluted in Blocking Buffer, incubated in the plate

for approximately two hours, then washed. Goat-anti-rabbit-HRP was added and incubated

5 for approximately 1 hour on a rotating shaker. Following washing, the reaction was

developed with TMB, stopped with 50 ^1 2N H2
S04) and read at 450 nm on an ELISA plate

reader. Data from the plasma of the four vaccinated rabbits taken on Day 220 and normal

rabbit plasma (NRP) are shown in Figure 9,

The data in Figure 9 indicate that plasma from rabbit #3 clearly contained detectable

1 0 antibody to the rabbit CETP 477 - 496 peptide according to this ELISA. Using this ELISA,

plasma from rabbit #6 also appeared to contain some detectable anti-CETP antibody.

However, while the signal from the plasma of rabbit #3 was substantial, the signal from the

plasma of rabbit #6 was near baseline (see, for example. Figure 9), This signal is interpreted

as indicating the presence of antibodies in rabbit #3 and probably rabbit #6 recognizing this

15 epitope of CETP.

The plasma samples were assayed in another ELISA designed to quantitate antibody

to the CETP477 „ 496 peptide. Wells of a 96-welI streptavidin-coated plate were coated with

biotinylated CETP4TM96 peptide by incubation of 100 \i\ of a solution of the peptide (1 jig/ml

in PBS) for 30 minutes to overnight, then washed with PBS containing 0.05% (v/v) Tween

20 20. Non-specific binding was prevented by incubating with Blocking Buffer (described

above) for two hours at room temperature on a rotating shaker at 150 rpm, followed by

washing four times with Wash Buffer (described above). Immunized rabbit plasma was

diluted in Blocking Buffer, incubated in the plate for 1 .5 hours, then washed. Goat-anti-

rabbit-HRP was added and incubated for approximately 1 hour on a rotating shaker.

25 Following washing, the reaction was developed with 100 |il ofTMB, stopped with 50 ^1 of

2N H2S04j and read at 450 nm in an ELISA plate reader. The concentration of the specific

antibodies was estimated using a standard curve made from biotinylated rabbit

immunoglobulin at 15 to 250 ng/ml.

The results of this assay are shown in Figure 10. Again, the plasma sample of rabbit

30 #3 clearly contained detectable antibody reactive with the rabbit CETP477 .496 peptide.

However, this assay did not detect antibody reactive with the peptide in plasma samples of

rabbits # 2, #5, and #6, Unimmunized rabbits #10, #12, and #13 exhibited a background

signal in this assay similar to rabbit #2. The plasma sample of rabbit #4 also appeared to
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contain detectable antibody to CETP according to this assay. However, rabbit #4 was

terminated according to the protocol at day 148 (see Figure 6), whereas rabbits #2, #3, #5,

and #6 were alive throughout the entire 220 days of the experiment.

The observation that there was inter-animal variation in the response to the vaccine is

consistent with the literature on plasmid-based vaccines. It can consequently be deduced that

the plasmid-based vaccine produced the desired protein in a humorally immunogenic form. It

is important to note that this assay detects only free antibody in the plasma samples. Anti-

CETP antibodies bound to endogenous CETP (presumably the majority) would not be

detected. Also, these rabbits had not been previously vaccinated with tetanus vaccine. It is

likely that titers would be raised in a subject receiving or having previously received tetanus

vaccine, such as is the case for many adult humans who have received vaccinations against

tetanus.

As indicated in the daily protocol in Figure 6, rabbits #2, #3, #5 and #6 in this

experiment were switched from a diet of basic rabbit chow to diets supplemented with

various amounts of cholesterol known to produce atherosclerotic-like lesions in rabbits

(Daley et al
y
Arterioscler. Thrombi 14: 95 - 104 (1994)) on Days 99, 112, and 154. To

determine whether the plasmid-based vaccine may affect the development of atherosclerosis,

the aortas of these rabbits were examined histologically for the development of

atherosclerotic lesions. After blood samples were taken on Day 220, rabbits #2, #3, #5, and

#6 were sacrificed. The entire aortas from each of the four rabbits were removed and placed

into fixative solution (3.7 % v/v formaldehyde). Loose tissue, adherent fat, and the adventitia

were dissected free from the arteries. Each artery was then cut lengthwise, pinned flat to

expose the intimal (luminal) surface, stained with Sudan IV, and then photographed. Sudan

IV is a fat soluble red dye that stains atherosclerotic plaques on the intimal surface of arteries.

The stained aortas of rabbits #2 and #5 revealed a prevalence of atherosclerotic lesions along

the length of the aortas and particularly in the portion of the aortas from the thoracic region.

The aortas of rabbits #2 and # 5 were similar to those of unvaccinated rabbits on a

cholesterol-supplemented, atherogenic diet (such as rabbits #10, #12, and #13). In contrast,

the aortas of rabbits #3 and #6 had a much smoother and more uniform appearance on the

intimal surface owing to a lower incidence of lesions, including the portion of the aorta from

the thoracic region.

To quantify the noticeable difference in the presence of atherosclerotic lesions in the

aortas of rabbits #2 and #5 and lack thereof in the aortas of rabbits #3 and #6, the surface area
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of the pinned aortas and that of the aortic lesions was determined from photographs by planar

morphometry (Daley et aL» 1994) using a digitizing tablet with associated software (THE

MORPHOMETER™, Woods Hole Educational Associates, Woods Hole, Massachusetts).

The percentage ofthe surface area of the aortas covered by lesions was determined to be 44.8

5 % for rabbit #2, 50.9 % for rabbit #5, 14.2 % for rabbit #3, and 14,4% for rabbit #6.

In summary, rabbits #2 and #5, did not produce detectable anti-rabbit CETP antibody

as determined by ELISA using the rabbit CETP 477 - 496 peptide after 220 days on the

vaccination protocol described above and shown in Figure 6, and these rabbits developed

significant atherosclerotic lesions over the intimal surface of their aortas (44.8 % and 50.9 %,

1 0 respectively) after eating a diet supplemented with cholesterol for about 1 7 weeks. In

contrast, rabbits #3 and #6, which probably produced anti-rabbit CETP antibody, had

noticeably less surface area of their aortas covered with atherosclerotic lesion (14.2 % and

14.4 V% respectively) after approximately 1 7 weeks on an elevated cholesterol diet.

Example IV

1 5 The results of the above experiment using a rabbit model for atherosclerosis indicate

that the plasmid-based vaccines of this invention may be used to prevent or treat

atherosclerosis in other vertebrates. By analogy to the treatment for inhibiting atherosclerosis

in rabbits illustrated in Example 111, similar plasmid constructs may be made for other

vertebrates, including humans. Such plasmids encode an immunogenic fusion polypeptide

20 comprising a universal or broad range T cell epitope, such as from tetanus toxoid or

diphtheria toxoid, linked in the same reading frame to at least one, more preferably two, B

cell epitopes of the endogenous CETP of the individual. An example of a plasmid-based

vaccine for endogenous human CETP contains a DNA sequence encoding a translation

initiating methionine linked to a TT polypeptide, such as in nucleotides 10 - 54 ofSEQ ID

25 NO:5, which is linked in the same reading frame (with or without intervening linker

sequences) to a DNA sequence encoding regions of human CETP analogous to those used in

the rabbit CETP plasmid-based vaccine, such as nucleotides 1045 - 1 101 and 1381 - 1428 of

SEQ ID NO:3 encoding amino acids 349 - 367 and 461 - 476 ofSEQ ID NO:4, respectively.

Preferably, the DNA sequence in the plasmid for use as a vaccine against human endogenous

30 CETP also includes regions as shown in Figure 5, such as translational start and stop codons

and flanking restriction endonuclease sites that are commonly employed for plasmid

construction and gene expression.
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Example V

In another aspect of this invention, plasmid-based vaccines can be made in which a

plasmid encodes a universal or broad range T cell epitope portion linked in frame to a B cell

epitope portion comprising one or more B cell epitopes of a non-endogenous CETP. Such

non-endogenous, vaccinating B cell epitopes encoded by plasmids of this invention may be

derived from another species, another allele, or of non-natural origin (i.e., a synthetic

sequence); in such cases the amino acid sequence of the non-endogenous, vaccinating B cell

epitope(s) is slightly different from that of the endogenous CETP of the individual to be

vaccinated. For example, a vaccinating, non-endogenous B cell epitope that is slightly

different from that of a B cell epitope of the endogenous CETP protein is one which has an

amino acid sequence which differs from the corresponding B cell epitope of the endogenous

CETP at a few, for example, 1, 2, 3, 4, 5, or 6, residues.

Another example of a non-endogenous, vaccinating B cell epitope that is slightly

different from a B cell epitope of an endogenous CETP is one that contains one or more

conservative changes in amino acid sequence at one or more residues known to be important

for a CETP activity and/or for antibody binding (see, for example, Hesler et aL, J. Biol

Chem., 263: 5020-5023 (1988); Wang et aL, J Biol. Chem., 267: 17487 - 17490 (1992);

Wang et aL, J. Biol Chem., 268: 1955 - 1959 (1993)) or at one or more residues known to

differ at analogous positions in the amino acid sequence of CETP encoded by other alleles or

genes of other species (see, for example, Nagashima et aL, J. Lipid Res., 29: 1643 - 1649

(1988); Kotake et aL,J Lipid Res., 37: 599 - 605 (1996); Drayna et aL, Nature, 327: 632 -

634(1987)).

An example of a plasmid-based vaccine for humans containing non-endogenous,

vaccinating B cell epitopes is the above-described plasmid pCMV-CETP/TT which uses

DNA sequences encoding B cell epitopes from rabbit CETP. Another example for use in

humans, is a similar plasmid where the encoded B cell epitopes are not derived from a

particular species, but are synthetic versions that are slightly different from those encoded by

the corresponding human CETP DNA sequences.

While not desiring to be bound by any particular theory, the use of one or more non-

endogenous, vaccinating B cell epitopes containing an amino acid sequence which is slightly

different from that of a B cell epitope of the endogenous protein (i.e., endogenous CETP)

may elicit autoantibodies more effectively than if the endogenous B cell epitopes are

employed. Such non-endogenous, vaccinating B cell epitopes (1) elicit production of
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antibodies in the vaccinated individual and (2) these elicited antibodies, or a subset thereof,

bind endogenous CETP. For example, to test whether a plasmid-based vaccine of this

invention elicits autoantibodies to CETP in a human, human CETP transgenic mice (for

example, commercially available BIODIGM™- CETP mice, Pharmakon USA, Waverly, PA)

5 are vaccinated with a plasmid construct according to this invention and the production of

antibodies recognizing human CETP is quantitated. Quantitation of anti-human CETP

antibodies is readily determined by a variety of methods, including Western blotting sera

from a vaccinated animal to electrophoresed human CETP; or ELISA where sera from the

vaccinated animal is assayed for the ability to bind human CETP or peptide fragment(s)

10 thereof; or isolating CETP from the blood of vaccinated animals and assaying for antibody

bound to the CETP.

Bacterial cell cultures (£ coli) bearing plasmids pCMV-LUC and pCMV-CETP/TT

prepared as described above were deposited April 26, 1996 under the terms of the Budapest

Treaty with the American Type Culture Collection, 12301 Parklawn Drive, Rockviile, MD.

1 5 They were assigned accession numbers 98037 and 98038, respectively.

All documents and publications cited above are incorporated herein by reference.


